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carried out his studies, Snow Geese did not regularly stop over in the Dakotas and Missouri. They do so annually now, and this may result in a greater mixing of colonies than occurred previously. In recent years banding of Lesser Snow Geese has intensified, and samples of birds have been banded from most of the colonies in the Hudson Bay drainage. We have analyzed some of these band recoveries in terms of the numbers of each phase that have been recovered along the traditional Gulf coast wintering grounds, defined as 250 00' through 30? 59' N and 850 00' through 980 59' W. All direct recoveries (recovered between the time of banding and the end of the following hunting season) were combined for this analysis. Table 2 shows the number of geese from each breeding colony reported recovered and their phase ratio for each degree block of the Gulf coast wintering range. For several reasons this table does not necessarily indicate the actual phase ratio or the relative numbers of Snow Geese using these areas. Two features stand out. First the winter range of each breeding colony extends over a considerable expanse of the Gulf coast, and the range of each breeding colony overlaps with that of every other colony. Secondly as a result of differential phase migration from each breeding colony, the white phase birds have a more westerly wintering distribution than do the blue phase birds. Thus although clines in the phase ratios Lemieux and Heyland (1967) suggested that the two color phases are distinct species and thus one might expect their migration routes to be different. Cooch (1958) , on the other hand, felt that "like attracts like" in that geese of each color phase would tend to join flocks comprising birds predominantly of their own color. The development of concepts concerning the role of early learning (Cooke and Cooch 1968) would modify this theory to suggest that individuals associated with geese of a color similar to their parents and/or siblings. Because few biologists today would agree that the two color phases are distinct species, we prefer Cooch's theory, although it too may not be the total explanation. showed that young birds in a captive situation will run to an unknown bird of a color phase similar to that of their parent. This could provide a mechanism whereby blue phase birds from western Hudson Bay (predominantly white phase), if they had blue phase parents, could become associated during migration and on the wintering grounds with birds from the predominantly blue phased easterly colonies. Reciprocally, it could explain the association of white phase birds from easterly colonies with birds from the predominantly white phase western colonies.
PAIR FORMATION
Because the winter ranges of the various Hudson Bay Lesser Snow Goose colonies overlap, possibly more interchange exists between the breeding colonies than was hitherto suspected. If pair formation always or usually occurred between birds from the same breeding colony, then the genetic integrity of the breeding colonies would be maintained even though birds mixed with birds from different colonies on the wintering grounds. This could be achieved, for instance, if pairing occurred in the summer months. Cooch (1958) Table 5 . The frequencies of males and females shot show no significant differences. Other forms of mortality are more difficult to assess. Most dead adult birds found at the breeding colony are females, but total numbers are low. Cooch (1958) believed that males nested for the first time when 3 years old, whereas females could nest at 2 years of age. Because the relative numbers of males in the 2-, 3-, 4-, and 5-year-old age classes did not change, and as the sex ratio of breeding and nonbreeding 2-and 3-yearolds was similar (0.05 < p < 0.10), the probability that males return to their natal colony but at a more advanced age is remote. By analogy with what is known of other geese (e.g. Bauer and Glutz 1968), that most males delay nesting until they are more than 5 years old seems inconceivable. Our data show that 2-year-old males can breed. Bias in sampling is unlikely to explain the discrepancies. Because two distinct methods were used to collect the data and they agree so well, we feel that the difference in return rate between the sexes is real. The sex ratio of birds in the banding drives is approximately 1:1, and we have noted no obvious surplus of either sex on the breeding colony.
As the above hypotheses are unlikely, the most plausible explanation for the disappearance of banded male goslings from the breeding colonies is emigration. Because there are equal numbers of each sex in the breeding population, one must infer that there has been compensating immigration of males from other colonies. Direct evidence of immigration is difficult to obtain because much of the arctic banding has concentrated on banding as many birds as possible, and consequently the sexes were usually not determined. Four birds of known sex banded as goslings have been recaptured in different colonies 2 or more years later and three of these were males.
[Auk, Vol. 92 It seems that females hatched in a particular colony generally will return to that colony for at least the first nesting, but that the males do so only rarely. This suggests strongly that pair formation does not usually occur between members of the same breeding colony, and implies that mate selection probably occurs outside the breeding season, when birds from different colonies are associating. A further conclusion is that when two birds from different colonies pair, the female determines the colony in which the pair will nest.
The phenomenon of differential return to the breeding colony is not restricted to birds banded as goslings. Table 6 (Table  7) . Banding drives (Cooch 1956 ) were designed to catch flocks composed of adult pairs and their goslings. Every adult was not always caught and some pairs had just one banded bird. As almost equal numbers of males and females were banded at each location, these pairs should have contained equal numbers of banded males and females. Recapture in subsequent years, however, shows a large excess of pairs where only the female was banded. The excess was greater in the second 
and subsequent years than in the year immediately following banding, indicating a continuing disappearance of marked males.
The data in Table 7 therefore strongly suggest a loss of male birds among previously mated pairs. As male mortality is not substantially higher than female mortality, at least as evidenced by reported hunter kills, the greater loss of males among previously mated pairs suggests that some of the males that did not return to the colony where banded are still alive and breeding elsewhere.
A working hypothesis to explain the greater loss of adult males is as follows: when a pair is broken (usually by death of one member), a new mate is acquired. A female will return with her new mate to the colony in which she nested the previous year; a male will accompany his new mate to where she previously nested. Because La Perouse Bay is a small colony and pair formation takes places in flocks of mixed origin, the probability of a La Perouse Bay female choosing a new mate from her own colony is small. Consequently if a male dies, he is lost to the breeding colony but his mate is not, whereas if a female dies both birds are usually lost to the breeding colony. If the chance of death of one member of a pair were independent of the death of the other (this is unlikely to be strictly true), then the rate of return of males to the colony would be the square of the return of the females. This relationship assumes that the size of the colony is small relative to the size of the total Hudson Bay population.
The McConnell River colony is much larger than that at La Perouse Bay, and hence more widowed males from this colony could be expected to remate with McConnell River geese. This expectation is borne out by the data in Table 7 . A higher proportion of pairs containing just color marked males was found at McConnell River than at La Perouse Bay 1 and 2 years after banding (p < 0.05). If one makes a few simplifying assumptions, the relative rate of male and female return to nesting colony can be formulated mathematically for any size of colony. Assume that if a female survives between breeding seasons she will return to the breeding colony. Assume also that if death of one member of a pair occurs, a new pair will be formed.
Let p = probability of male survival = probability of female survival. This formula can be refined as more is learned about the validity of the assumptions made.
As an example of how this formula can be used, if a sample of breeding adult geese were marked at a small breeding colony such that N ' < NT, the proportion of marked geese still nesting at the colony in the ttll year after marking would be approximately pt for females and p2t for males, where p is the annual survival rate. It must be remembered that it is assumed that all surviving female geese return to the breeding colony and that all geese that lose their mates pair again. As neither of these assumptions is strictly correct, p represents a minimal estimate of survival. In Table 8 
DIscusSION
This discussion is based on four major premises, the evidence for which is given in this or earlier papers.
(1) Mate selection occurs during spring migration or on the wintering ground when birds from several colonies are mixed (this paper).
(2) When birds from different colonies form pairs, each pair return to the female's natal colony to breed (this paper).
(3) Differential phase migration occurs such that white phase birds from each breeding colony have a more westerly fall and winter distribution than blue phase birds (Cooch 1963, Lemieux and Heyland 1967, this paper).
(4) Mate selection in terms of color is determined largely by an early learning process whereby birds select mates of a color phase similar to that of one of their parents (Cooke and Cooch 1968) .
In a species such as the Lesser Snow Goose where pair bonds usually last from year to year, the timing and nature of the first pairing is important to an understanding of the genetic integrity of the various breeding colonies. Evidence presented above shows that a large proportion of the female goslings hatched at La Perouse Bay return to breed at the natal colony. In contrast the return rate of male goslings is extremely low at both colonies investigated. If one analyzes retrap figures only, of those birds banded as goslings and recovered at the natal colony 2, 3, 4, or 5 years later, 8 were males and 215 were females (Table 4) . This strongly suggests that males return to breed in their natal colony only if they happen to pair with a female from the same colony. This appears to be a rare event, although it is more common in the larger colony as would be expected.
Snow Geese and perhaps all geese seem to be similar to many ducks in which pair formation often takes place in winter quarters and during migration (Weller 1965) , in that mates are often natives of places remote from each other and usually the male returns with the female to her natal area. Banding returns show that females do not always return to their natal colony to breed, which is consistent with the facts that several new colonies have been established recently and other sites may be used intermittently as breeding grounds (Hanson et al. 1972) .
Perhaps the most important feature of these findings is the realization that the amount of interchange of breeding birds between geographically distinct breeding colonies is extremely high. This gene flow is largely a function of the male pattern of dispersion, whereby most males breed in a different colony from the one where they were hatched, but some contribution to gene flow is provided by females that nest in a nonnatal colony. At La Perouse Bay almost all the males and perhaps some of the females hatched at a different colony. This suggests that approximately 50% of all the birds breeding for the first time are immigrants, hatched elsewhere. The colony at La Perouse Bay may have a high immigration and emigration rate in that it is relatively small and is on the migration route of several more northerly colonies.
Birds banded in one colony and recovered in another give information suggesting that although exchange is more frequent between geographically closer colonies, exchange occurs between nearly all colonies, indicating little barrier to gene flow. Restrictions to gene flow do occur as a result of the tendency of females to return to the same colony year after year, and from the fact that pair bonds last for more than one breeding season. Adults also move between colonies, but we have not incorporated this into our calculations of gene flow. The effects of this are at present difficult to assess, but they may be considerable.
With such a large amount of gene flow between the distinct breeding colonies, it is likely that few genetic differences exist between colonies, apart from any genes that may be located on the W chromosome of the heterogametic female geese. The Hudson Bay and Foxe Basin populations of Snow Geese may be usefully considered as a large interbreeding population that is largely homogeneous in its genetic composition. The lack of morphological differences between birds from these colonies is consistent with this contention.
[Auk, Vol. 92 The realization that the Hudson Bay population could be considered as one population from the genetic standpoint suggests that genetic differences should not be found between the various colonies. This conclusion is in contradiction to the known facts summarized earlier in the paper regarding frequencies of the gene controlling the color phase. In other words, the one gene frequency whose value is known contradicts the evidence of extensive gene flow in that not all colonies have a similar color phase ratio. How then, assuming a large amount of gene flow, have different colonies been able to maintain their characteristic color phase ratios? Differential phase migration and assortative mating may provide the answer to this paradox. Both these phenomena can be explained on the basis of early learning whereby goslings will usually associate with and later pair with birds of a color phase similar to that of their parents. Mate selection in terms of color depends on preference and prevalence. Birds pairing for the first time not only choose mates according to the color phase of their parents but also, because of differential phase migration, they are located in flocks where that phase predominates. The relative effects of preference and prevalence are at present difficult to assess.
Although genes are able to flow rapidly through the whole population because of the considerable gene flow, apparently the movement of the alleles concerned with color do not result in changes in phase ratio at a colony as the gene frequency (in terms of color) of the birds entering a colony will be determined by the nonimmigrant birds of that colony, which choose the color of their mates. To be more specific, in a hypothetical colony consisting only of white birds that mixed on the wintering ground with blue and white phase birds from several different colonies, the females would choose mainly white mates, and would return to their natal colonies. The immigrant males could be from any of the other colonies, so there would still be considerable gene flow between colonies, but alleles controlling the blue color would rarely enter the colony, thus maintaing the phase ratio in the face of considerable gene flow. The present distribution of the color phases is partly determined by the historical events that led to the origin of the two phases and partly by the traditions (of mate selection and migration) that slow down the equilibration of the phase ratios. Returns of banded goslings show that whereas female geese frequently return to the natal colony to breed, males seldom do so. The lack of return of males is attributed to emigration. Most, if not all, pair formation occurs on the wintering grounds and during spring migration, when birds from different breeding colonies are associating. When two birds from different colonies pair, the female usually returns with her mate to her natal colony.
Gene flow per generation at the La Perouse Bay colony is estimated to be approximately 50%. At larger colonies the value is expected to be somewhat lower. In view of this large gene flow, the Hudson Bay populations of the Lesser Snow Geese perhaps should be considered from the genetic standpoint as a single interbreeding population. In view of this, the differences in color phase ratios at different breeding colonies are puzzling. This paradox can be resolved by assuming that the early learning experience that results in both assortative mating and differential phase migration restricts the rates at which color phase ratios change at the different colonies. 
